The Tibetan Plateau(TP) is known as 'the water tower of Asian', its precipitation variation play an important role in the eco-hydrological processes and water resources regimes. based on the monthly mean precipitation data of 65 meteorological stations over the Tibetan Plateau and the surrounding areas from 1961-2015,variations, trends and temporal-spatial distribution were analyzed, furthermore, the possible reasons were also discussed preliminarily. The main results are summarized as follows: the annual mean precipitation in the TP is 465.54mm during 1961-2015, among four seasons, the precipitation in summer accounts for 60.1% of the annual precipitation, the precipitation in summer half year (May.-Oct.) accounts for 91.0% while that in winter half year (Nov.-Apr.) only accounts for 9.0%; During 1961-2015, the annual precipitation variability is 0.45mm/a and the seasonal precipitation variability is 0.31mm/a, 0.13mm/a, -0.04mm/a and 0.04mm/a in spring, summer, autumn and winter respectively on the TP; The spatial distribution of precipitation can be summarized as decreasing from southeast to northwest in the TP, the trend of precipitation is decreasing with the increase of altitude, but the correlation is not significant. The rising of air temperature and land cover changes may cause the precipitation by changing the hydrologic cycle and energy budget, furthermore, different pattern of atmospheric circulation can also influence on precipitation variability in different regions.
Introduction
According to the fifth report from IPCC, the global surface temperature has risen 0.85℃ on average [1, 3] . Remarkable warming led to glaciers melting [2, 3] and hydrological cycle process accelerating [4] ,the change of species growth area, even the change of ecosystem [5] .
In recent years, under the background of global warming, the precipitation around the world has redistributed. The moist regions would be wetter, while the arid regions would become more arid [6] . The global warming has also changed regional atmospheric circulation and water circulation [7, 8] . It has caused the number of extreme precipitation events and flood disasters increasing [9, 10] . As we all known, the precipitation variability is one of the main elements of climate change, as well as a key factor of economic development and environmental change. The change of precipitation can even lead to the change of ecological environment [11] . China is a agricultural country with a large population, It is of great importance to command the variation of precipitation in the future climate background. It plays an important role in guiding the allocation of water resource [12] .
Since the 1990s, the total surface precipitation has risen 2% [13, 14] and with great difference in space, time and season [15, 16] . For example, during 1946-1999, the tendency of precipitation in Europe was increasing and the rate was 1.11mm/a. The period could be divided into two parts: during 1946-1975, the rate was 1.61mm/a, while during 1975-1999 it was -0.28/mm/a [17] ; In Europe, the precipitation in central and western regions was reduced and the climate became drying in summer, while in the west of Russia, the climate became
Data and methods
For most stations in the TP, the setting time was the mid 1950s. Considering that the length of research time must be consistent, we choose 1961 as the beginning year in the research, and 2015 as the ending year. The length of research time is 55 years. Also, to guarantee the quality of data, we have eliminated several stations whose missing observation lasts for a year. Finally we choose 65 stations ( Figure 1 ) and obtain their monthly precipitation data. All data are from the China Meteorological Administration. Table. 1 gives the details of the 65 stations. The stations we have chosen are spread out over the study area unevenly. They are mainly concentrated in the central and eastern regions and a few are in the western regions. All the data from these stations have experienced an initial quality test. For missing data or data with obvious mistake, we have done the interpolation and modification. In order to discuss the annual variation and seasonal difference of precipitation in the TP, we have processed monthly precipitation data into total annual and seasonal precipitation data. The four seasons are: Spring (Mar. The precipitation data from stations may be influenced by non-climate factors, causing precipitation data series inhomogeneity. We use the software package RHtestsV4 to test the homogenization of data and correct the inhomogeneous data [37, 49, 50] . Normally the distribution of monthly precipitation is non-normal; thus we use cube roots of data to test homogenization. The methods of RHtests are based on binomial regression testing methods and improved by Wang et al.from Environment Canada [51] . It has provided two testing methods: the penalized maximal T test (PMT) [52] and the penalized maximal F test (PMFT) [53] . They both can be run under R language by using RHtests software package. Their difference is PMT needs a homogenous time series as reference series, while for PMFT the reference is not necessary. While testing the homogenization by using PMT or PMFT, RHtests can correct the data series. The stations in the TP are few and widely spaced. In addition, the topography of Tibetan Plateau is complex and the altitude differences among stations are large. Therefore, the reference series have little effect on testing data series. For inhomogeneous series, we use the mean-adjusted base series to replace the original data.
Set εt as a Gaussian variable with zero-mean to test whether a time series {Xt} with β as linear trend has discontinuity when t=k. Make the null hypothesis:
Make alternative hypothesis:
The time point t=k would have discontinuity when Ha is true and Δ=|μ1 -μ2| is the range of mean-adjustment.
After testing for those stations with inhomogeneous data, RHtests have offered a corrected method called mean-adjusted method. It regards the mean residual between the trend of last homogeneous series and inhomogeneous series as correction to correct data. Assuming p is the tested inhomogeneous point, under these conditions:
where μ 1 、μ 2 represent the mean residual of series before and after p respectively. μ 2 -μ 1 is the mentioned difference between homogeneous series and inhomogeneous series. The generated new series are the corrected series. In this paper, all data used are the corrected data.
Here we use the linear regression method to analyze the change characteristics of precipitation: y x = a { bx { e x (4) where b represents the variation trend. b>0 means increasing, b<0 means decreasing and b=0 means no significant variation. |b| indicates the variation range of precipitation. We use the student t-test to estimate the statistical significance between x and y x . α<0.05 means the linear trend has over 95% confidence level and x and y x have significant correlation; α<0.01 means the linear trend has over 99% confidence level and the correlation is even more significant.
Results
This section may be divided by subheadings. It should provide a concise and precise description of the experimental results, their interpretation as well as the experimental conclusions that can be drawn.
The temporal-spatial distribution characteristics of precipitation
The annual precipitation distribution in the Tibetan Plateau is very uneven and the rainfall is mainly concentrated in summer [54] . We have calculated the monthly mean precipitation and the precipitation variability at every station (see in Table 2 ) in order to study the annual precipitation distribution and the trend of monthly precipitation. The annual mean precipitation in the TP is 465.54mm during 1961-2015. Among four seasons, the precipitation in summer accounts for 60.1% of the annual precipitation. The precipitation in summer half year (May.-Oct.) accounts for 91.0% while that in winter half year (Nov.-Apr.) only accounts for 9.0%. Therefore the precipitation in the TP is mainly concentrated in the summer half year. July has the most precipitation with the ratio of 22.1% in the annual precipitation and December has the least precipitation with the ratio of 0.4% (see in Figure 2 ). Among the 12 months, the trends of precipitation variability in Aug., Sep. and Nov. are decreasing and that in Dec has no significant change. The range of precipitation variability reaches maximum in May, which is 0.162mm/a, and significant at 99% confidence level. Figure 6 shows the number of stations with different precipitation variability. In spring, the precipitation variability is mainly concentrated in the range 0-1mm/a and the number of stations is 56, 86% of the total; in summer, the precipitation variability is mainly concentrated in -1mm/a-1mm/a and the number of stations is 54.83% of the total; in autumn, the precipitation variability is mainly concentrated in -1mm/a-0.8mm/a and the number of stations is 63.97% of the total; in winter, the precipitation variability is mainly concentrated in 0-1mm/a and the number of stations is 52.80% of the total. The annual precipitation variability is mainly concentrated in the range 0-0.5mm/a and the number of stations is 42.65% of the total. Table. 4 has listed the top ten stations with the most significant increasing and decreasing in precipitation. From the Table, the top ten stations with the most obvious increasing in precipitation have precipitation variability ranging from 2.83mm/a to 1.413mm/a, and the top ten stations with the most obvious decreasing in precipitation have precipitation variability ranging from -6.969mm/a to -0.517mm/a. The phenomena prove that the precipitation variability has great spatial difference in the TP. The station with the most obvious increasing on annual precipitation is Kangding station, whose precipitation variability is 2.83mm/a; the station with the most obvious decreasing on annual precipitation is Shiqu station, whose precipitation variability is -6.969mm/a. The mean precipitation variability among all stations is 0.451mm/a. "*"represents significant at 95% level, "**" represents significant at 99% level, the same below.
Some previous researches indicated that the climate change has an obvious periodic characteristic [55] . The warming trend has great difference in different period. After the 1990s, the temperature in the TP increased sharply [56] , and so did the precipitation [57] . We divide the precipitation data into two time periods (1961-1990 and 1991-2015) to understand the precipitation response to different warming trends. Table 5 "*" represents significant at 95% level, "**" represents significant at 99% level, the same below.
The relationship between precipitation variability and altitude, latitude and longitude
Some previous researches indicated that the precipitation variability is related with altitude in the Tibetan Plateau [35] . We have analyzed the relationship between precipitation variability and altitude in 65 stations to ascertain whether the variability has elevation dependency or not ( Figure 7 ).
As can be seen from Figure 7 , the correlation coefficient square (R 2 ) is 0.025 and it is not significant at 95% level. It has proved that there is no obvious linear relationship between them. From above we know that the precipitation has great longitudinal zonality and altitudinal zonality in the Tibetan
Plateau, but the correlation coefficient between the precipitation variability and neither latitude nor longitude is significant at 95% level. Therefore, there is no obvious linear relationship between the precipitation variability and altitude, latitude and longitude. in the Southern Hemisphere [7] . In Asia, the summer precipitation decrease during 1978-2002, the summer precipitation variability is -3.56mm/a in southwest Asia and -4.08mm/a in northeast Asia. In China, the precipitation increase during 1955-2007 with the rate of 0.33mm/a, the winter precipitation variability is 0.15mm/a and the summer precipitation variability is 0.16mm/a [24] . In the Tibetan Plateau, the precipitation has great temporal-spatial distribution, the trends of precipitation variation may have great difference in different regions or at different time. Research has shown the frequency of extreme precipitation events change disproportionately. In China, the frequency of extreme precipitation events has reduced by 10%. The light precipitation events are decreasing and the heavy precipitation events are increasing [58] . During nearly 50 years, the extreme precipitation has showed a significant spatial and temporal difference in China. However, at the same period, the precipitation intensity has no significant increase nearly 50 years in the Tibetan Plateau [37] .
The researches on climate model simulation show that the rising surface temperature may cause the global precipitation to increase [14, 59] . The land over changes can affect the dynamic and thermodynamic power of atmosphere by changing the hydrologic cycle and energy budget, and so that it can change the climate [60] . Cui et al. indicate the variation of land use has influenced local climate in the Tibetan Plateau [40] . The land use changes make the Tibetan Plateau wetter and it contributes 9mm/a to the precipitation. Normally, the aerosols can make the regional precipitation decrease [42] , but the absorbency black carbon aerosols may make the precipitation increase in the TP [61] . Otherwise, the increasing content of CO2, the North Atlantic oscillation and the El Niño also have effects on the precipitation in the TP [62] . and rivers cross distributed. It has formed relatively independent local climate under the complex topography. The topographic influence on precipitation in the TP is more significant than that in other regions of China because of the specific location and topography [35] . The research by Liu et al. show an adverse feature between NAO and precipitation in southern and northern regions [58] .
Different pattern of atmospheric circulation can also lead to the spatial distribution of precipitation variability [63] .
Summary and Discussion
Two prominent problems in the Tibetan Plateau are the harsh natural environment and less observational data, especially in the wide western regions. Observational data from stations is foundation of studying on climate change. Therefore, it is still imperative to enhance the meteorological observation on the climate study in the TP. For the existing data, appropriate methods should be chosen to test and correct them on homogeneity. All the test methods has their advantages and disadvantages at present, and different methods maybe suitable for different meteorological factors. So choosing suitable methods is of incredible importance to the future study on varied meteorological factors. The station historical data (metadata) plays an important role in testing and correcting the homogeneity of climatic data. It includes all information which is likely to influence the homogeneity of meteorological data series such as the variation of station sites, time, calculating methods and instrument, and it can provide valuable reference and objective support for analyzing, testing and correcting the climate data series. Therefore, it is a basic work on homogeneity study to collect the metadata from stations as exhaustive as possible in the Tibetan Plateau.
The climate environment is special in the Tibetan Plateau. A great number of study on climate change have been carried out and almost include all climate factors, but quite a number of study focus on precipitation and temperature only. In the future, more study on other climate factors need to be carried out to understand the characteristics of climate change. Otherwise, because of the lack of enough quantitative analysis, we have no profound understanding on the physical mechanism of climate change in the Tibetan Plateau. For that reason, the quantitative study is essential in the future study.
